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REMARKS 

Reconsideration of this application is respectfully requested. 

By the listing of claims included herein, claims 1 and 19-23 are canceled, claim 8 
is amended, and new claims 27 and 28 are added. Support for new claim 27 is found, 
for example, in Figure 3. Support for new claim 28 is found, for example, at page 10, 
lines 31-37. No new matter is introduced. 
Request for Information 

The Examiner expressed concern that Applicants' reply, filed August 2, 2005, to 
the Request for Information Under 37 C.F.R. § 1.105, was not consistent with the 
abstract by Laberge et al. published in 1998 in the European Journal of Human 
Genetics, Volume 6, Supplement 1, at page 146 ("Laberge et al."), which related to a 
poster presented at the 30^^ Annual Meeting of the European Society of Human 
Genetics, held in Lisbon, Portugal, from May 10 to May 13, 1998. 

In their previous response to the Request, Applicants submitted that there was 
no indication concerning the gene Krit1 in the poster, because the Kn't1 gene had not 
been identified as of May, 1998. 

Applicants have further considered their response, and have informed the 
undersigned that by their previous statement that "there was no indication concerning 
the gene Krit1 in the poster, because the Krit1 gene had not been identified as of May, 
1998", they intended to convey that there is no indication concerning the fact that the 
presence of mutations in the Krit1 gene are responsible for cavernous malformation, 
because the Krit1 gene was not yet identified as being the CCM1 gene at that time. 
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Applicants also note that the sequence of the Krit 1 gene was published in Serebriiskii 
et al.; "Association of Krev-1/rap1a with Kriti, A Novel Ankyrin Repeat-containing 
Protein Encoded by a Gene Mapping to 7q21-22," Oncogen, Vol. 15, (1997) pp. 
1043-1049. That article was disclosed to the Office in the Information Disclosure 
Statement filed on February 14, 2002. 

Applicants believe they have fully complied with the Request for Information and 
request that the Examiner contact the undersigned to discuss the matter if additional 
information is required. 
Rejection for Alleged Non-Enablement 

Claims 8-16, 25, and 26 stand rejected under 35 U.S.C. § 112, first paragraph, 
as allegedly non-enabled. The thrust of this rejection is the Examiner's concern that not 
all CCM patients analyzed in the example provided in the specification display a 
mutation in the Kriti gene. Applicants note that they have amended independent claim 
8 to recite "A method for genotypically diagnosing if an individual is at risk to develop 
cavernomas" and "said mutation giving rise to a truncated Kriti protein, wherein said 
mutation is linked to the occurrence of cavernomas." Applicants believe that the 
amendment addresses the Examiner's concerns and submit that the amended claims 
are enabled in view of their disclosure. 

Specifically, the inventors have identified Kriti as the CCM1 gene, and 
demonstrated that 40% of patients (8/20) belonging to families known to exhibit familial 
heriditary cavernomas present a truncating mutation in the Kriti gene. In addition, the 
inventors have shown by SSCP analyses of the affected and unaffected members that 
the truncating mutations have a perfect cosegregation with the affected phenotype. 



6 



Application No.: 10/019,434 
Attorney Docket No.: 03715.0102-00000 

Consequently, in view of tliese results, the skilled artisan reading Applicants' disclosure 
would have understood that the clainned methods may be used for "diagnosing if an 
individual is at risk to develop cavernomas." 

In addition, many publications since the inventors' priority application was filed, 
have reported that truncating mutations in the Krit1 gene are responsible for 40 percent 
of familial CCM cases and that the detection of a truncating mutation in the Krit1 gene 
allows an efficient (presymptomatic) molecular diagnosis of cerebral carvenous 
malformation. The abstracts of examples of such publications are attached hereto as 
Exhibit 1. 

One particularly relevant abstract is that of Zawistowski et al. (2005), Hum. Mol. 
Gen., Vol. 14, No. 17, pp. 2521-2531), which states that familial CCM is caused by 
truncating mutations in KRIT1 (CCM1). 

Applicants submit that Exhibit 1 demonstrates that skilled artisans have 
repeatedly applied their invention to practice the claimed methods, and that this 
demonstrates that the disclosure in this application in conjunction with the level of skill in 
the art is all that is required to practice the invention as claimed. Accordingly, for all of 
the above reasons, Applicants request that this rejection be withdrawn. 
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Please grant any extensions of time required to enter this response and charge 

any additional required fees to our Deposit Account No. 06-0916. 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW. 
GARRETT & DUNNER. L.L.P. 



Dated: January 24, 2007 By:_ 



Scott M.K. Lee 

Reg. No. 59,574 

Tel.: 202-408-6073 

Fax.: 202-408-4400 

E-mail: scott.lee@finnegan.com 
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Genetics of Cavernous Malformations 



By Cornelia Lee, PsyO, Judith Gau It, PhD, Emily Crocker, MS, and Tracey 
Leedom, MS 

Cerebral cavernous malformations (cavernous angiomas) can form through 
several different mechanisms. The major differences lie in whether you have a 
sporadic cavernous malformation or familial cavernous malformations. 

A gene is the basic unit of heredity. Genes are made from DNA, the building 
block of life, and carry the information for creating the proteins which lead to a 
particular characteristic or function. When a gene mutates, it changes from its 
natural state and can cause an Illness, With a sporadic cavernous malformation, 
it Is believed that a genetic mutation has occurred in just one cell in your body. 
With familial cavernous malformations, a mutation of a specific gene has 
occurred In every cell of your body. 

Sporadic Cavernous Malformation 



Diagnosis 

To receive an accurate 
diagnosis of sinigle vs. multiple 
cavernous angioma^ it is 
important to use the latest 
technology. At present, this is 
MR! with gradient echo 
sequencing. 

It is also important to have 
the f^RI read by a physician 
who has experience with 
cavernous angioma. 



You may have one cavernous 
malformation and have no other 
family members with the illness. It is 
believed that a majority of those 
diagnosed with the illness fall Into this 
category. The cause of sporadic 
cavemous malformations is not 
known. However, it is thought that a 
solitary cavernous malformation can 
be formed when a single cell has two 
specific mutations, or changes in both 
copies of a particular gene. As the cell 
replicates and divides, it goes on to 
form the cavernous malformation. 

A solitary cavernous malformation 
may be present at birth or may form later. If you have a sporadic cavernous 
malformation, it is likely that your children would have no greater chance of 
having the illness than anyone in the general population. 

Familial Cavernous Malformation 



Familial cavernous malformations are caused by 
a genetic mutation found in every cell in your 
body, rather than a mutation in a single cell. This 
Illness may run In your family or you may be the 
first in your family to have the illness. You may 
have just one cavemous malformation, but are 
likely to have multiple cavernous malformations. 



1 Familial cavernous malformation is a hereditary 
'illness that is an autosomal dominant condition. 
[This means that only one parent must have the 
illness for it to be passed on to offspring. Statistically, if you have the familial 
form of the illness and you have a child with someone who does not; your child 
will have a 50% chance of having the illness. 

If you are the first in your family to have mulUple cavernous malformations, you 
are likely to be the first in your family to have a familial mutation. This puts your 
risk of passing on the illness to your children at 50%. 
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Familial cavernous malfornnations are 
caused by a single gene mutation in any_ 
one of three different genes . A mutation on 
any one of the three can cause"the illness. 

We each have two copies of any" gene. 
When one copy mutates, the other is a 
backup that will perform the same 
function. However, the backup must work 
perfectly to avoid any problems caused by 
the original mutation. This Is almost never 
the case for every cell in the body. 



One theory is that in the case of familial cavernous malformation, a mutation on 
the first gene causes it to stop functioning. Intermittent but naturally occurring 
problems with the backup gene In some cells cause the formation of cavernous . 
malformations. Wherever the backup gene fails, a cavernous malformation 
develops. As a result. If you have familial cavernous malfomriations you are likely 
to have more than one malformation. It Is thought that almost everyone with the 
familial form will eventually have multiple cavernous malformations. 

The Three Known Genes 

To date, three genes have been linked to the familial form 
of the illness and have been precisely located. The first is 
called CCMl (for cerebral cavernous malformation 1) and is 
located on chromosome 7, at 7qll.2-q21. It is also known 
as KRITl, for the protein created by the gene. This is the 
gene responsible for most of the cases of familial multiple 
cavernous malformation in Hispanic families, and in a 
number of other families . In fact, most Hispanics with the 
CCMl mutation are thought to share a common ancestor. 40% of familial 
cavernous malformation can be linked to a CCMl genetic mutation. 

CCMl is responsible for creating KRITl protein, or Krev interaction-trapped 1 
protein. This protein is considered to be important for basic life development. 
The exact function of KRITl protein is not known but it is believed to play a role 
in determining the structure of epithelial cells in blood vessels in the brain. When 
the first copy of the CCMl gene mutates, only the backup copy can produce 
KRITl protein. It there ar6 problems with the second copy of the gene, the 
KRITl protein can not function and cavern ous malforrriations form . 

The second gene is called CCM2. It is located at 7pl5-pl3 and controls the 
production of a protein named malcavernin. The malcavernin protein is believed 
to play a role in determining where In a vascular epithelial cell (nucleus versus 
cytoplasm) KRITl will be active. When it mutates, too much KRITl is in the 
nucleus of the cell and not enough is in the cytoplasm. 20% of familial cavernous 
malformation can be linked to a CCM2 mutation. 

The third gene, CCM3, is on the 3rd chromosome at 3q26.1, CCM3 Is responsible 
for creating a protein called Programmed Cell Death 10 or PDCDIO. As of July, 
2005, the function of this protein in the formation of cavernous malformations is 
not known. 

For more information on these three genes, please visit the Genetics Home 
Reference. Genetics Home Reference is a service of the National Library of 
Medicine. These are the links: 

CCMl (KRHl): http:/y ghr.nl rn.nih.gov/genefr.kritl 
CCM2 (malcavernin): .bttp://gbr»n|m.nlh.go_v/geoeHCcrD2 
CCM3 (PDCDIO): htt p!//ghrnlm.n ih.gQv/gene=pdcdlQ 

Genetic Testing 

Clinical genetic testing, the only kind of testing that can be used for diagnosis, is 
available for all three currently known genes. See our Genetic Testing page to 
find specific laboratories that have been approved to perform these tests. 
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Because not all of the genes have been identified, genetic testing can not rule 
out a fanriilial mutation. However, if a mutation is identified, it beconnes very 
easy and economical to test other family members. 

Whether to have genetic testing Is a very personal decision. Please make sure 
that you have a knowledgeable genetic counselor or physician to help guide you. 

Current Research 

I Many researchers working on cavernous malformations are focused 
jon genetic Issues. It seems to hold the most promise for future 
I understanding and eventual cure. The current focus is on identifying 
the precise functions of the proteins created by the genes. Please 
follow the Rese arc h Stud ies link to see a summary of the major 
laboratories and their ongoing work in this area. Also, please see our 
latest Researcii section and our newsletter for more detailed 
information about recent genetic discoveries In this area. 

Links 




To find general information on genetics, visit G eneTe sts or the .GjeiLe.tLC5_HQrti.e 
Befexeace. 
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Gene Tests -"^ 

DN/Ttest labs KRITl is the gene's official symbol. The KRITl gene is also 

known by other names, listed below. 

PubM ed 

Recent hterature What is the normal function of the KRITl gene? 

OMIM:^^ 

Genetic disorder catalog 'H^^ KRITl gene (also known as the CCMl gene) provides 

instructions for making a protein that likely plays an important 
^^^f^^S^oh^^ ^^'^ ^ formation of blood vessels, especially capillaries, 

during the development of an embryo. While the exact function of 
the KRITl protein is not clearly xmderstood, studies suggest that it 
influences the movement and structure of cells during the 
development of blood vessels. The KRITl protein may also be 
involved in creating the boundary between the walls of capillaries 
and the surrounding tissue in the brain, called the blood-brain 
barrier. This barrier protects the brain's delicate nerve tissue by 
preventing many types of molecules from entering the brain. 
Research suggests that the KRITl protein may also help maintain 
the structure and function of blood vessels after they have fomied. 

What conditions are related to the KRITl gene? 

cjaD^icdJ^ayernous malformatLon - caused by mutations in the 
KRITl gene 

More than 100 mutations that cause cerebral cavernous 
malformations have been identified in the KRITl gene. 
Virtually all of these mutations place a premature stop 
signal in the instructions for making the KRITl protein, 
preventing adequate KRITl protein production. Without 
enough KRITl protein, blood vessels do not form properly 
and cavernous malformations can develop. 

( Mutations in the KRITl gene may account for up to 40 
percent of all familial cerebral cavernous malformation 
cases. One particular mutation is responsible for up to 70 
percent of cerebral cavernous malformation cases in people 
of Hispanic heritage. This mutation replaces one DNA 
building block (nucleotide base) with a different base at 
position 1363 in the KJUTl gene, written as 1 363C>T. 

Where is the KRITl gene located? 
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CCMI and CCM2 protein interactions in cell 
signaling: implications for cerebral cavernous 
malformations pathogenesis 
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Cerebral cavernous malformations (CCMs) are sporadically acquired or inherited vascular lesions of the cen- 
tral nervous system consisting of clusters of dilated thin-walled blood vessels that predispose individuals to 
seizures and stroke. Familial CCM is caused by m utations In KRm (Ccm\ o r in malcavernin (CCM2), the 
murine ortholog of which was concurrently characterized as osmosensing scaffold for IVIEKK3 (OSM) 
The roles of the CCIW proteins In the pathogenesis of the disorder remain largely unknown. Here, we use 
co-lmmunoprecipltation, fluorescence resonance energy transfer and subcellular localization strategies to 
show that the CCMI gene product, KRITIJnteracts with the CCM2 gene product, malcavernin/OSM 
Analogous to the established interactions of CCMI and p, integrin with ICAP1, the CCM1/CCM2 association 
IS dependent upon the phosphotyrosine binding (PTB) domain of CCM2. A familial CCM2 missense mutation 
abrogates the CCM1/CCM2 interaction, suggesting that loss of this interaction may be critical in CCM patho- 
genesis CCM2 and ICAP1 bound to CCMI via their respective PTB domains differentially influence the sub- 
cellular localization of CCMI. Furthermore, we expand upon the established involvement of CCM2 in the p38 
I!!!!^?fo""^^*"'^*®^ signaling module by demonstrating that CCMI associates with CCM2 and 

MEKK3 in a ternary complex. These data Indicate that the genetic heterogeneity observed in familial CCIW 
may reflect mutation of different molecular members of a coordinated signaling complex 



INTRODUCTION 

Cerebral cavernous malformalion^ (CCMs) are vascular 
lesions of liie central nervous system consistin*; of clusters 
of dilated thin-vvalled blood vessels or 'cavems*. The clusier 
of vessels that defines the CCM lesion is surrounded by con- 
nective tissue vvliile remaining distinct from the surrounding 
neural parenchyma (I). The cavernous malfohnation lesions 
have the capacity to hemorrhage, resulting in seiiures, 
stroke and focal neurological deficits (2,3). 

Three forms of autosomal dominant CCM have been 
mapped (4-7), and the disease gene products are known for 
all diree of the mapped loci. CCMI is caused by truncating 
mutations in KRITI (8,9), a prolem containing ankyrin 

whom corrcspondencc should be addressed. Tcl:+I 9196843290; Fax:+I 9196819193; Email: march004(Smc.dukc cdu 
The authors wish it to be known that, in their opinion, the first two authors should be regarded as joint First Authors. ' 

O ne Author 2005. Published by Oxford University Press. All rights reserved. 
For Permissions, please email: Journals.permlssions@oupjourttals.org 



repeat motifs and a PERM domain. CCM2 results from 
mutations in ^fGC4607 (]OA]X encoding the phospTiotyrosine 
binding (PTB) domain protein malcavernin (10), the murine 
ortholog of which was characterized as a mitogen-activated 
protein kinase (MAPK) scaffold named osmosensing scaffold 
for MEKK3 (OSM) (12). CCAfS has recently been shown to 
result from mutations in PDCDIO (programmed cell death 
10), a gene upregulated in the human myeloid cell line TF-1 
upon induction of apoptosis (13). Gennline mutations within 
CCMI kindreds are primarily nonsense, frameshift or splice 
site mutations, predicted to be loss of function alleles (14). 
A similar clasps of mutations is found in CCM2 and CCM3 
pedigrees (10,11.13); however, a missense mutation has 
been reported for a CCM2 kindred (11). 
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[A novel Krit-1 mutation in Han family with cerebral cavernous 
malformation] 



Related Links 



[ArticJe in Chinese] 

>(.iijrL, Zhao IZ, Wu BQ, Zhong HH, Wang S, Heng V/J|. 

Department of Neurosurgery, TIantan Hospital Affiiiated to Capital University of 
Medical Sciences, Beijing 100050, China. 

OBJECTIVE: To detect the mutations of Krit-1 gene that cause familial 
cerebral cavernous malformation (CCM) in the Han ethnic origin. 
METHODS: The subjects were hospitalized in the Department of 
Neurosurgery, Tiantan Hospital affiliated to Capital University of 
Medical Sciences. Two families (A and B) and 8 apparently sporadic 
individuals affected with CCM were screened for mutations of Krit-1 
gene. Members of the family CCM have a wide range in age of onset 
with seizures, headaches and skin lesions. The gene was screened by 
PCR amplification of 16 exons and mutation was detected by direct 
sequencing. RESULTS: In family A samples, analysts of the Krit-1 
gene revealed a new point mutation in exon 14 [a heterozygous C to 
G transition at nucleotide 1 289 (counting from the start codon or nt 2 
308 counting from the first nt of the mRNA, aligned according to Gene 
Bank AF388384)] which predicts the substitution of a premature 
termination codon for Serine at codon 430 (S430X), belonging a 
nonsense point mutation. No mutation was identified in one of family 
A members as well as in any of the sporadic individuals with the 
exception of a single nucleotide polymorphism. CONCLUSIONS: 
Report the first family in the Han with CCM having a novel mutation in 
the CCMl gene on the continent of Asia. The newly Identified mutation 
creates a premature termination codon and is predicted to produce a 

( truncated Krevl interaction-trapped 1 protein, KRITl. T his result 

\ allows efficient presymptomatic molecular diagnosis . 

PMID: 12882686 [PubMed - indexed for MEDLINE] 
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j KR1T1, a gene mutated in cerebral cavernous 

I malformation, encodes a microtubule>associated protein. 

Gunel.M, Laura ns MS, $hin D, PJLMna ML, _Voorhees.J, 
Choa te K, Nelson-Williams C , Lifton RP. 

Department of Neurosurgery, Yale Neurovascular Surgery Program, 
Yale University Schoof of Medicine, 333 Cedar Street, New Haven, 
CT 06510, USA. 

Mutations in Krevl interaction trapped gene 1 (KRITl) 
/ cause cerebral cavernous malformation, an autosomal 
/ dominant disease featuring malformation of cerebral 
I capillaries resulting in cerebral hemorrhage, strokes, and 
\ seizures. The biological functions of KRITl are unknown. 
We have investigated KRITl expression In endothelial cells 
by using specific anti-KRITl antibodies. By both microscopy 
and coimmunoprecipltation, we show that KRITl colocalizes 
with microtubules. In interphase cells, KRITl is found along 
the length of microtubules. During metaphase, KRITl is 
located on spindle pole bodies and the mitotic spindle. 
During late phases of mitosis, KRITl localizes in a pattern 
indicative of association with microtubule plus ends. In 
anaphase, the plus ends of the interpolar microtubules 
show strong KRITl staining and, in late telophase, KRITl 
stains the midbody remnant most strongly; this is the site 
of cytokinesis where plus ends of microtubules from 
dividing cells overlap. These results establish that KRITl is 
a microtubule-associated protein; its location at plus ends 
in mitosis suggests a possible role in microtubule targeting. 
These findings, coupled with evidence of interaction of 
KRITl with Krevl and integrin cytoplasmic domain- 
associated protein-l alpha (ICAPl alpha), suggest that 
KRITl may help determine endothelial cell shape and 
function In response to cell-cell and cell-matrix Interactions 
by guiding cytoskeletal structure. We propose that the loss 
of this targeting function leads to abnormal endothelial tube 
formation, thereby explaining the mechanism of formation 
of cerebral cavernous malformation (CCM) lesions. 

PMID: 12140362 [PubMed - indexed for MEDUNE] 
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j Krevi interaction trapped-1/cerebral cavernous 
. malformation-l protein expression during early ! 
I anglogenesis. 

Guzeloglu-KayjsJLQ, Kayisli^UA, Amankuior NM, 
Voprhees JRr Golcce Q, piLuna ML, Laurans^RS, Luleci 
6/ Gun el M . 

Yale Neurovascular Surgery Program and Department of 
Neurosurgery, Yale University School of Medicine, New Haven, 
Connecticut, USA. 

OBJECT: Molecular genetic studies of cerebral cavernous 
malfomaation (CCM) hiave identified three loci, CCMl-3, that 
can lead to CCM when mutated. Examination of the CCMl 
locus established KRITl (Krevl Interaction Trapped genre 
f 1) as the CCMl gene. Despite the identification of KRITl as 
i t he gene mutated in CCMl , little has been learned 
^ regarding its function. The authors recently demonstrated 
specific KRITl expression in endothelial cells. Based on this 
result and the fact that the CCM phenotype features defects 
in microvasculature, we hypothesized that KRITl may take 
an active part in normal angiogenesls. METHODS: In this 
study/ the authors investigated the spatial and temporal 
expression of KRFTl during normal vessel development and 
maturation by examining KRITl protein in both in vitro and 
in vivo angiogenic systems with the use of postconfluent 
endothelial cell cultures along with placental tissues from 
different developmental stages, CONCLUSIONS: The results 
demonstrate that KRITl is expressed during capillary-like 
tube formation in the early stages of anglogenesis in vitro. 
Histological examination of placental tissue, a well- 
established in vivo model of anglogenesis, shows KRITl 
expression in active angiogenic and vasculogenic areas of 
the Immature placental villi. As the placenta matures, 
KRITl expression is restricted to microvascular and small 
arterial endothelial cells with little or no expression seen in 
the intima of large vessels. It can therefore be concluded 
that KRITl is expressed during early anglogenesis by 
endothelial cells and may play a key role in vessel 
formation and/or development. 

PMID: 15287459 [PubMed - indexed for MEDLINE] 
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i Cerebral cavernous malformation: novel mutation in a 
I Chinese family and evidence for heterogeneity. 



( 



ChgTLDH, U pe HP , Qln Z, BIdUTP. 

Department of Neurology, University of Washington, Seattle, WA, 
USA. 

Familial cerebral cavernous malfortriation (CCM) is an 
autosomal dominant disorder producing vascular anomalies 
throughout the central nervous system associated with 
seizures and hemorrhagic stroke. Linkage analysis has 
shown evidence for at least three genetic loci underlying 
this disorder with a founder mutation in the 
Mexican/Hispanic community. We report the first family of 
Chinese ethnic origin with CCM having a novel mutation in 
the CCMl gene. The mutation in exon 19 causes a 
premature stop codon ( Q698X) predicted to produce a 
tnjncated Krevl interaction -trapped 1 (KRITl) protein. 
Members of the family with this mutation have a wide range 
in age of onset with seizures, ataxia, spinal cord vascular 
malformation, headaches and skin lesions. An additional 
unrelated sporadic subject with brain lesions compatible 
with CCM as well as vascular skin findings suggesting the 
blue rubber bleb nevus (BRBN) syndrome has no mutation 
detected in the CCMl gene. These findings expand the 
phenotype of and demonstrate further evidence for the 
heterogeneity in the CCM syndrome. 

PMID: 11959162 [PubMed - indexed for MEDUNE] 
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I Identification of a novel KR1T1 mutation In an Italian family \ 
\ with cerebral cavernous malformation by the protein 
: truncation test. 

MarinLV, Ferrera L, Potcaratto A, Viale.G, Origpne P, 
Mareni C, Garre. .C. 

Department of Oncology, Biology and Genetics, University of 
Geneva, Vlale Benedetto XV, 6, Genoa 16132, Italy. 

Familial cerebral cavernous malformation (CCM) exhibits 
autosomal dominant inheritance and is characterized by 
vascular disorders of the brain, which can lead to seizures, 
focal neurological deficits, hemorrhagic stroke, and 
migraine. Three CCM loci have been mapped, but the gene 
for only one locus-KRITl coding for Krev-l/rapl 
interaction trapped 1 ( KRITl) protein, which Is responsible . 
for more than 40% of familial cases- has been identified. To 
date, a total of 72 mutations have been described, with one 
founder effect in the Mexican/Hispanic community. We 
report the case of an Italian family with CCM that has a 
novel KRITl gene mutation leading to a truncated KRITI 
protein. The protein truncation test (PTT) has been used as 
a rapid method of identifying germline mutations in the 
KRITl gene. 

PMID: 12810002 [PubMed - indexed for MEDLINE] 
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Caye-Riant F, Denier C, Labauge.P, Cectllon M, 
NIaciazek J!, J[Qutel_ A, LabergerLe„Co!uteulx.S, 
iPMrniej-Las gerv ^. 

INSERM EMI 99-21, Faculte de Medecine Laribolsiere, Paris, France. 

Cerebral Cavernous Malformations (CCM/MIM 604214) are 

vascular malformations characterised by abnormally 

enlarged capillary cavities without intervening brain 

parenchyma. Clinical manifestations include seizures, 

cerebral haemorrhages and focal neurological deficits. They 

occur as a sporadic or autosomal dominant condition. Most 

often, sporadic cases have only one lesion and familial 

cases are characterised by a high frequency of multiple 

lesions. Three CCM loci were previously mapped on 7q 

(CCMl), 7p (CC1M2) and 3q (CCM3) and CCMl gene was 

Identified as coding Kritl, a protein of unknown function, 

which was shown initially to interact in yeast two hybrid 

assays with RaplA, a small ras GTPase and more recently 

to Icaplalpha, a modulator of beta 1 integrin signal 

transduction. Herein, we screened KRITl gene In 121 

unrelated, consecutively recruited, CCM probands having at 

least one affected relative and/or showing multiple lesions 
on cerebral MRI. Fifty-two of these probands (43%) were^ 
shown to carry a KRITl mutation. Forty -two distinct 
mutations were identified including six recurrent ones. 
Three-quarters of these mutations were located In the C- 
terminal half of the gene, mostly within exons 13, 15 and 
17. All of them are predicted to lead to a premature stop 
codon. No missense mutation was identified. The only two 
nucleotide substitutions predicted to be missense mutations 
led in fact to an abnormal splicing and a premature stop 
codon. Altogether these data suggest that KRITl mRNA 
decay due to the presence of premature stop codons and 
Kritl haploinsufficiency may be the underlying mechanism 
of CCM. 

PMID: 12404106 [PubMed - Indexed for MEDLINE] 
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; Mutations in KRIT1 In familial cerebral cavernous 
I malformations. 



Zh^ng. J, Cfattiarbuck RE, Rigamonti D, Dietz HC. 

Howard Hughes Medical Institute and The Institute of Genetic 
Medicine, The Johns Hopkins University School of Medicine, 
Baltimore, Mar/land 21205, USA. 

OBJECTIVES: The recognition of six unrelated Hispanic- 
American families in which cerebral cavernous 
malformations (CCM) segregated as an autosomal dominant 
trait established a genetic basis for this disease. Linkage 
analysis subsequently identified locus heterogeneity with 
disease genes for CCM at chromosomal regions 7q, 7p, and 
3q. Recently, mutations in KRITl, a gene on 7q at the 
CCMl locus, were Identified in French and Hispanic- 
American families with CCM. This study confirms the 
identity the KRITl founder mutation in Hispanic-Americans 
and reports a novel KRITl mutation In a Caucasian family. 
METHODS: Oligonucleotide primers were designed to allow 
amplification of genomic DNA sequences from four 
Hispanic-American families and five non-Hispanic families 
for all 12 exons of the KRITl gene using the polymerase 
chain reaction (PCR). The amplified DNA was then screened 
using single strand conformation polymorphism analysis 
(SSCP) and sequencing. The expression pattern of KRITl 
was analyzed by Northern blotting. RESULTS: Analysis of 
the KRITl gene revealed a point mutation in exon 6 that 
preoicts the substitution of a premature termination codon 
for glutamine at codon 248 in all four Hispanic-American 
t amities , confirming previous findings. SSCP analysis and 
sequencing revealed an 11 base pair duplication in exon 7 
leading to a premature termination codon in one Caucasian 
family. Northern analysis demonstrated widespread 
expression of this gene, however, the highest level of 
expression was in the brain. CONCLUSION: The common 
KRITl mutation causing the majority of CCM In Hispanic- 
Americans has been identified and independently 
confirmed, allowing efficient presymptomatic molecular 
diagnosis. In keeping with prior results, both newly 
I dentified mutations create a premature termination codon 
and are predicted to initiate degradation of the mutant 
mRNA through the nonsense-mediated mRNA decay 
pathway. These data strongly suggest loss of function as 
the relevant patho-genetic mechanism. 

PMID: 10807272 [PubMed - indexed for MEDLINE] 
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I Cerebral cavernous malformations: mutations in Kritl. 

yerlaan D3, Paven port Jiyj, Stefan H , Sure U, Siegel 
AM, Routeau GA. 

Center for Research in Neurosctences, Montreal General Hospital, 
McGilt University, Montreal, Quebec, Canada. 

OBJECTIVE: To find mutations in the recently identified 
additional exons of the Kritl gene that causes CCMl, a 
disease characterized by the formation of cerebral 
cavernous malformations (CCM). To determine the relative 
frequency with which Kritl mutations cause CCM as well as 
recharacterize the mutations reported In the literature, 
METHODS: Twenty-seven families and 11 apparently 
sporadic individuals affected with CCM were screened for 
mutations In the Kritl gene. The gene was screened by 
single stranded conformation polymorphism, and variants 
were sequenced. Familial segregation of the mutations was 
determined. RESULTS: In familial samples, two new 
mutations in the novel upstream exons and six additional 
mutations in the previously Identified exons were identified. 
No mutation was found in any of the sporadic individuals. 
CONCLUSIONS: Results demonstrate that the frequency of 
mutations found in Kritl is 47% in the families studied and 
the frequency may increase as more mutations are 
detected. Mutations are evenly distributed in the gene and 
do not seem to be limited to structural domains present In 
Kritl. This is in accordance with the model that Kritl could 
be a tumor suppressor gene. 

PMID: 11914398 [PubMed - indexed for MEDLINE] 
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